This study aimed to evaluate the risk factors associated with the development of urolithiasis in a population in Southern China.
Background
Recently, the epidemiology of urolithiasis has changed due to changes in dietary habits and advances in diagnosis and the treatment. From 1991 to 2000, 2001 to 2010, and 2011 to 2016, the prevalence of urolithiasis in China were 5.95%, 8.86%, and 10.63%, respectively, which shows an increasing trend [1] . Data have shown that rural areas have a higher incidence of urolithiasis than urban areas, and the prevalence in the southern regions in China has been reported to be higher than that in northern regions [2] . Also, the five-year recurrence rate of stone formation has been reported to be between 31.5-50%, and the 20-year recurrence rate is 72% [3, 4] . This epidemiological data supports that urologists in southern China should not only to focus on surgical treatment of urinary calculi but should reduce the recurrence rate of stone formation.
This study aimed to evaluate the risk factors associated with the development of urolithiasis in a population in southern China. 
Material and Methods

Ethical approval and patient consent
Clinical data
From March 2017 to April 2018, a questionnaire survey was conducted on patients admitted to the Department of Urology, the First Affiliated Hospital, Yijishan Hospital of Wannan Medical College. Inclusion criteria were a diagnosis of urolithiasis, age >18 years, residents in South China, and the availability of complete clinical data. Patients were excluded if they had incomplete clinical data, serious disease of the major organs, including the heart, lung, brain, gastrointestinal tract, and liver, chronic non-obstructive kidney disease, hematological or autoimmune diseases, or had lived away from southern China for more than five years. The individuals in the control group were also enrolled from the urology clinic and had the same inclusion and exclusion criteria as the urolithiasis study group, but with B-scan (B-mode) ultrasonography that confirmed the absence of urolithiasis.
There were 1,519 patients that included 829 patients (54.6%) with urinary calculi who were assigned to the urolithiasis group, and 690 patients (45.4%) without urinary calculi who were assigned to the control group. The control group without urolithiasis attended the urology clinic with a diagnosis of urologic neoplasm (62.2%), cyst disease (18.4%), urinary infection (4.6%), urinary injury (8.0%) and infertility (6.8%).
Patient questionnaire
The questionnaire was designed by urologists and epidemiologists and was completed by the designated study investigators who were trained nurses and resident doctors in the urology wards, who interviewed the study participants in the urolithiasis group and the control group. Questions on established risk factors for urinary calculi included demographic characteristics, of gender, age, occupation, residence, education level, dietary habits, fluid intake, and physical activity.
Daily fluid intake was directly measured in milliliters in the hospital wards, and the frequency and type of liquid intake (milk, coffee, tea, carbonated beverages, and juices) were recorded. The strength of tea that was drunk was divided into strong, medium, and light, according to the volume of tea leaves used. Individual dietary preference for spicy food, acidic food, dietary preference for fatty or lean meat, sodium intake, and carbohydrate intake were recorded by direct questioning of the patient. Particular common food preferences in southern China, such as pickles (Chinese homemade salty vegetables) and salted bacon, were also included in the survey. Occupation was classified into office worker, non-manual worker or homebased, and manual laborer.
Statistical analysis
Data were analyzed with EpiDate3.1 and SPSS version 17.0 software (IBM, Chicago, IL, USA). A chi-squared (c 2 ) test was used to determine the significance of the variables, and multivariate logistic analysis was used to test the independent risk factors for urolithiasis. A P-value <0.05 was considered to be statistically significant.
Results
Data analysis using the chi-squared (c 2 ) test identified 13 variables that were statistically significant (P<0.05), including age, physical activity, high sodium intake, animal protein consumption, fatty or lean meat preference, vegetables intake, pickled food consumption, fluid intake, drinking habits, tea consumption, strong tea preference, and frequency and duration of physical exercise ( 4221 intake, physical exercise and preference for strong tea appeared to be the protective factors (Table 2) .
Discussion
The mechanisms involved in urolithiasis are complex, but several studies have shown that diet and lifestyle are contributing factors [5] . In the present study, we demonstrated that high consumptions of pickled foods and animal protein were the main risk factors for urolithiasis in the population of southern China. However, high intake of fluid and vegetables, physical exercise, and preference for strong tea were protective factors. Previous studies support these findings, but with some differences in the identified risk factors for urolithiasis. For example, high fluid intake has previously been shown to reduce the risk of stone formation, but no significant effects of the intake of different fluids was observed to affect stone formation in the present study [6, 7] . This study also investigated the impact of pickled foods and a preference for strong tea on stone formation.
High sodium intake is thought to promote urinary sodium excretion and inhibit calcium absorption in the renal tubules, which induces hyperuricemia and the formation of calcium oxalate crystals [8] . A previously reported study included 210 patients with urolithiasis who were randomly divided into a control group and a low-sodium diet group, and their urinary calcium excretion was evaluated [9] . A low-salt diet reduced calcium excretion in patients who formed hypercalciuric stones (271 mg/day vs. 361 mg/day) (P<0.001), showing that dietary salt intake affected calcium excretion and stone formation [9] . In 2012, Sorensen et al. evaluated the relationship between diet and kidney stone formation and showed that by increasing dietary sodium intake by a fifth increased the risk of nephrolithiasis by 11-61% (P<0.001), with the greatest impact on women who had the highest sodium intake [10] . Another study also showed that increased sodium intake was associated with increased urinary sodium and calcium excretion, and the correlation was linear [8] .
Pickles and salted bacon refer to certain types of sodium-rich foods, which are particularly popular in southern China. The sodium intake from these foods is high, but its relationship to stone formation is unclear. To the best of our knowledge, this was the first study to investigate the impact of the preference of pickled foods on the prevalence of urolithiasis, and showed that the consumption of pickled foods increased the risk of urinary stone formation (OR, 1.271). We believe that high consumption of pickled foods indirectly increased the daily intake of sodium, which might promote stone formation. Based on the findings from previous studies and this present study, it may be advisable to recommend limiting the intake of sodium and the consumption of pickles and salted bacon in the population of southern China.
Our findings indicated that high fluid intake decreased the risk of stone formation (OR, 0.758), which was consistent with previous studies. High fluid intake has been shown to increase urine volume to reduce the concentration of calcium oxalate in the urine reducing the risk and recurrence rate of stone formation by 50% and by 60-80%, respectively [11, 12] . However, it remains unknown whether all liquids more or less similarly affect the risk of stone formation. It has also been shown that coffee, tea, beer, wine, and orange juice could reduce the risk of stone formation, while sugary drinks and carbonated drinks increased the risk [6] . Also, the impact of citrus fruits and fruit juices on the risk of stone formation remains controversial, and a previous study showed that individuals who drank more than 160 mL of carbonated fluid a day had a reduced risk of recurrence of symptomatic stones after they stopped drinking carbonated fluids (33.7% vs. 40.6%) [13] . In this study, we also found that high fluid intake reduced the risk of stone formation, and we further investigated the influence of different liquids on stone formation, including tea, milk, coffee, Table 2 . Multivariate logistic regression analysis.
SE -standard error; OR -odds ratio; 95% CI -95% confidence interval.
carbonated drinks, and juices. Unlike previous studies, in the present study, no significant effect of these drinks was found on urolithiasis, except for tea. This different result might have been due to distribution bias, but the association between tea drinking and stone formation requires further investigation.
In the present study, tea drinking was shown to affect urinary stone formation, which was contrary to our previous finding that long-term consumption of tea increased the risk of stone formation due to an increased intake of oxalate [14] . Also, recent studies have shown the beneficial effects of tea consumption on the prevention of stone formation [15] [16] [17] . Southern China is a tea-growing area, and tea consumption is high. In this study, tea consumption was shown to be associated with a lower risk of stone formation. Subgroup analysis by tea-drinking habits showed that strong tea preference might be a protective factor of urolithiasis (OR, 0.793). As shown in Table 1 , a preference for strong tea was more prevalent in the urolithiasis group, which was different from the result of the multivariate logistic regression analysis. However, the mechanism of stone formation is complex and is likely to involve diverse risk factors. Multivariate analysis was considered to be more objective and accurate due to the exclusion of other confounding factors. The mechanism by which tea exerts its protective role for urolithiasis remains unclear. Numbers of polyphenols, including catechin, epicatechin (EC), epigallocatechin (EGC), epicatechin gallate (ECG), and epigallocatechin gallate (EGCG), account for about 30% of the dry weight in different types of tea. These polyphenols, along with other phytochemicals, are associated with antioxidation and superoxide dismutase activation, which might contribute to the prevention of stone formation [16, [18] [19] [20] .
High protein intake, especially animal protein, is a known risk factor for urinary stone formation. By creating an animal model of increased protein intake, a previous study showed that with a high casein diet, urinary calcium excretion was significantly increased, and urinary citrate excretion and urinary pH were marginally lower [21] . Heilberg et al. [22] reported that shortterm restriction of animal protein significantly reduced the excretion of calcium, phosphate, hydroxyproline, uric acid, and oxalate, but increased the excretion of citrate in the urine, which increased the risk of stone formation. Consistent with previous studies, the association between high animal protein consumption and an increased risk of urinary calculi was also found in this study (OR, 1.138). Also, Tracy et al. [23] compared the effects of three animal protein sources including fish, chicken, and beef on the risk of urolithiasis and showed that fish had the highest purine content and resulted in a higher 24-hour urinary uric acid excretion, compared with chicken and beef. Therefore, patients with recurrent calcium oxalate and urate calculi should minimize their consumption of animal protein and avoid foods rich in purines.
It has previously been reported that a Dietary Approaches to Stop Hypertension (DASH) diet, rich in fruits, vegetables, whole grains, and low-fat dairy foods, is associated with a significantly reduced risk of kidney stone formation [24] . Meschi et al. [25] reported that urinary excretion of citrate was significantly reduced and calcium excretion was significantly increased after a two-week diet of vegetables in a normal population. However, adding vegetables to the diet of people who rarely consume vegetables not only increased citrate excretion and urine volume, but reduced the urinary saturation of calcium oxalate and uric acid [25] . In another study, multivariate-adjusted urinary citrate excretion was 11-16% greater (P <0.01) in the participants with the highest quintiles of the DASH score than that of the participants with the lowest quintiles of the DASH score [26] . Urinary citrate can bind with calcium, reducing calcium ion concentration to inhibit the polymerization of calcium oxalate and calcium phosphate crystals [27] . Fresh vegetables are rich in fiber in which inositol hexaphosphate and uronic acid are combined with calcium chelate, leading to reduced absorption of calcium and inhibition of the aggregation of calcium oxalate crystals and attachment to cells, inhibiting the formation of stones [28, 29] . The findings of the present study support these previous findings as a high dietary intake of vegetables were a protective factor for urolithiasis (OR, 0.856).
This study had several limitations. The design was a case-control study that investigated the causal relationship between the potential risk factors and the occurrence of urolithiasis. Some study variables, such as dietary intake, could not be measured accurately, and there may have been high individual variables that could not have been avoided. Future studies require more accurate methods of measurement. Also, this was a small study conducted at a single center that may be associated with bias, and future large-scale multicenter controlled prospective studies are needed to validate the findings from this study.
Conclusions
This study aimed to evaluate the risk factors associated with the development of urolithiasis in a population in southern China. High consumptions of pickled foods and animal protein were the main risk factors for the development of urolithiasis, but high fluid intake with a preference for strong tea, a diet of vegetables, and physical exercise were protective factors.
The findings from this study may provide an approach for the prevention of urolithiasis in southern China.
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